Introduction: While epilepsy is a well-known disease, little is known about early recurrence of seizures, and some patients are admitted to medical ward for the risk of recurrence of epilepsy. The aim of this study was to determine the frequency and risk factors of early seizure recurrence (ESR) among the epileptic adult patients attending the emergency department (ED). Methods: In this retrospective observational study, medical records of all patients presenting to a regional ED in Hong Kong with seizures from 1 January 2010 to 31 December 2011 were reviewed. Their demographic data and clinical features were analysed to look for the relationship with ESR. ESR was defined as a seizure recurrence during the first 24 hours since the last seizure. Results: A total of 339 patient records were analysed. The ESR rate was 13.7% at 24 hours and 80% occurred in the first six hours after the last seizure. Age40, female sex, repeated seizure in past one day, and abnormal plasma sodium and calcium levels were found to be statistically significantly associated with ESR by univariate analysis. These risk factors remain statistically significant after repeated multivariate logistic regression analysis. Conclusion: The ESR rate is about 13.7% in our emergency department setting and 80% of them occur within six hour since their last seizure. Five risk factors, namely age group, sex, repeated seizure in past one day and abnormal blood sodium and calcium level are significant factors associated with ESR. We conclude that it is not necessary to admit all the adult epileptic patients with simple breakthrough seizures to hospital. (Hong Kong j. 
Introduction
Seizure is a very common reason for emergency department visit, 1 11% of all people would suffer from it at some point of their life. In the general population, it is the most common neurological disease worldwide. 2, 3 A survey done in London 4 found that the soft tissue injury was the most common seizure-related injury.
The risk of injury regardless the type of seizure would be about 5%. In Hong Kong, patients with epilepsy commonly attend emergency departments after seizure attack. 5 However there are only few literatures regarding the evaluation and management of seizures from the perspective of emergency physicians.
In Hong Kong, 96% of all epilepsy and convulsionrelated admissions are provided by public hospitals. 5 So me emerg enc y dep ar t men ts in Ho ng Ko ng advocate the use of a specific protocol to manage the breakthrough seizure. Most patients would have basic investigations (i.e. blood test including renal and liver function test, plasma calcium, glucose level and anticonvulsant level), six hours neuro-observation in the emergency department and urgent referral to neurologist clinic within two weeks. However, some patients would still be admitted to hospital for various reasons. There is not much information about the risk factors for the early seizure recurrence. The early seizure recurrence (ESR) is defined as repeated seizure within 24 hours since the last attack in this study. Studies have identified the following factors to trigger the breakthrough seizure. [6] [7] [8] [9] They include sleep deprivation, emotional stress, exercise, pregnancy, toxin and use of stimulants or drugs like bupropion, tramadol, tricyclic antidepressants. It is a common practice to consider admission of epilepsy patients based on those factors. This is based on the assumption that the risk factor to develop a remote recurrence (>24 hours) is similar to the recurrence within 24 hours. 10 Recently, in a p r o s p e c t iv e o b s er va t i o n s t u d y in eme r g en c y department, it found that the alcohol related seizure, capillary glucose [5.5-8.4 mmol/L [odds ratio (OR) =1.68], 8.5 mmol/L (OR=2.83)], age 40 years on arrival at the emergency department were associated with ESR.
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The overall ESR rate at 24 hours in various s t u d ies whic h were c o n d u c t ed in emer g en c y departments was around 18 to 20%. [10] [11] [12] Majority of the recurrence seizure occurred during the first 6 hours.
The objective of this study was to determine the risk factors of ESR of adult epileptic patients in the emergency department. With these findings, the management of breakthrough seizures can be improved and unnecessary admissions can then be avoided.
Methods
This was a retrospective observational study by reviewing the patients' medical records. This study protocol was reviewed and approved by the Ethics Review Committee of our hospital.
This study was conducted in an emergency department of a regional hospital in Hong Kong Island. The annual attendances of the emergency department were 82000. All patients who attended ED from 1 January 2010 to 31 December 2011 with a diagnosis of epilepsy or convulsion were traced from the computerised patient clinical information system known as the Clinical Data Analysis and Reporting System. In order to ensure the identification of all the possible episodes, we conducted a search using the keywords "convulsion" and "epilepsy". Patients' emergency records, inpatients and outpatients' notes, drug records, laboratory results were retrieved and reviewed.
The following patients were excluded in the study: patients aged less than 18, pregnant women, first time convulsion, status epilepticus and those patients presented with other acute medical or surgical conditions which needed hospitalisation such as severe head injury, and drug overdose. Status epilepticus was defined as any epileptic activity lasting more than five minutes or recurrent epileptic activity over a period of more than five minutes without regaining the preexisting level of consciousness. 13 The following data were collected from the record via the hospital clinical management system: clinical profile including age, sex, blood pressure, capillary glucose level, plasma levels of sodium, potassium, corrected calcium {Corrected calcium (mmol/L) = measured total serum calcium (mmol/L) + 0.02 [40 -serum albumin (g/L)]}, anticonvulsant level, duration of seizure, multiple seizures one day and one week before the current episode of seizure, time of recurrence of seizure during observation or hospitalisation and re-attendance for the seizure in the following three days in any hospital or clinic run by the Hospital Authority of Hong Kong. 
Data analysis
Data were collected and analysed by Statistical Package for Social Science (SPSS) for window version 20. Chi square test was used to analyse the statistical significance between the different categorical variables to the 2 dependent groups [Whether they had ESR within 24 hours or not]. Glucose level was treated as binary variable [more than 8.5 mmol/L or not] because it might give a higher odds ratio when compared to the cutoff taken at 5.5 or <8.5 mmol/L.
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A p value <0.05 was defined as statistically significant. The independent variables with p value less than 0.1 on the univariate analysis were enrolled into multivariate analysis with logistic regression model.
Results

Patient characteristics
There were a total of 729 patients with epilepsy from 1 January 2010 to 31 December 2011. Among them, 161 patients were excluded due to age less than 18, 102 patients were excluded because they had the first time seizure. Others were excluded due to status epilepticus, pregnancy or presented with other acute medical problems. Total 339 patients fulfilled the inclusion criteria. Male to female ratio was 1.55. Mean age was 40.8 years with SD16.3. The mean duration of seizure was about 3 minutes (Table 1) . One hundred and twenty-five patients were directly admitted to the medical ward without neuro-observation in emergency department. Totally 120 patients had 6 hours neuroobservation in the emergency department. Among them 26 patients were admitted during neuroobservation due to relapse of seizure ( Figure 1 ).
Early seizure recurrence
Among the 339 patients, 46 patients (13.65%) had ESR (a recurrence of seizure within 24 hours). Majority of them (80%) had seizure recurrence in the first six hours. The mean time for them to develop the recurrent seizure after attending the emergency department was 127 minutes (Figure 2 ). The direct admission rate of breakthrough seizure was 37%. The ESR rate of them was only 12.8%. associated with the ESR. All predicting factors with a p value less than 0.1 in univariate analysis were enrolled into the multivariate analysis with logistic regression model (Table 3) . Five risk factors were found with statistically significant. They were age group 40, female sex, plasma sodium <135 mmol/L, corrected calcium <2.25 mmol/L, and any history of repeated seizure within the same day.
Discussion
This study showed that seizure was accountable for about 0.44% of emergency department attendances of all causes. It was lower than other countries where it was about 1.4%.
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The difference may be partially explained by the difference in the prevalence of the active epilepsy in the population or the habit to use emergency department locally. According to other local epidemiology studies, the prevalence of active epilepsy in Hong Kong was around 1.5 to 3.9 per 1000.
3,5,14,15
The life-time prevalence of epilepsy in Europe according to a systemic review was up to 3.3 to 7.8 per 1000. 16 The alcoholic related status epilepticus in Hong Kong was noted to be uncommon when compared with United States and Europe. 17 We did not have accurate information about whether the epilepsy was alcoholic related or not. The ESR in our study was similar to other study which looked specifically at the nonalcohol group. 11 The cumulative seizure recurrence rates at 6, 24 and 72 hours were 10.3%, 13.6% and 14.2% respectively. The majority (80%) of ESR occurred within first 6 hours since their last seizure. These findings were similar to other studies. 11, 18 In this study, the direct admission rate of breakthrough seizure was about 36.8% and about 12.8% had ESR within 24 hours. The rate was similar to the overall ESR rate which combining those who were having neuroobservation or discharged against medical advice cases. None of the directly admitted cases developed status epilepticus or other serious complications in the hospital.
The factor Age 40 was a significant risk factor for ESR as shown in both univariate and multivariate analysis [p=0.046; OR=2.081, 95% confidence interval (CI)=1.856 to 5.054]. Age40 was shown to 19 Female was found to increase risk of ESR (p=0.01; OR=3.11, 95% CI=1.319-7.342) in this study. In female, the estrogen and progesterone fluctuations are important in reproductive health, and they could also affect seizure activity. The estrogen is epileptogenic and progesterone has opposing anti-seizure effect, and changes in the relative or absolute levels of estrogen and progesterone could trigger a breakthrough seizure. 20, 21 There is a type of seizure called catamenial epilepsy  the seizure would increase the frequency of attack during the menstrual period. 22, 23 To the knowledge of the authors, currently there is no published data on the effect of the menstruation on ESR. In this study, the menstrual period data could not be traced.
Repeated seizure within one day before attending emergency department was a significant risk factor for the ESR (p=0.005; OR=4.153, 95% CI=1.533-11.253). The result was also shown in a retrospective study in paediatric patients about the ESR. 10 Having repeated seizure within a short interval of time may indicate there is underlying reasons which increase the chance of convulsion such as sleep deprivation, drug compliance, etiology of seizure or medication intake which decreases the seizure threshold.
Hy p o n a t r a emi a is o n e o f t h e m o s t f req u en t abnormalities found in the first onset of seizure. 24, 25 Clinical study conducted in the intensive care unit already showed hyponatraemia was a predictor for refractory status epilepticus. 13 It might be due to the pro-convulsive properties of hyponatraemia. 20, 26 In our study most of the patients with ESR had a sodium level between 125 to 135 mmol/L. It seems that mild hyponatraemia could affect the recurrence of the ESR when compared to those with normal sodium level. In our study, we did not analyse the underlying causes for the hyponatraemia. We found that corrected plasma calcium level less than 2.25 mmol/L was a statistically significant important. This factor was not previously identified in other study, but it is well known that hypocalcaemia can cause convulsion. There was no study in the literature to analyse the effect of hypocalcaemia on ESR in a patient with existing epilepsy. However, experts' opinion 21 recommended to check the plasma calcium level if the breakthrough seizure was different in terms of durations or other features.
Limitations
Since this study is a retrospective study, the retrieved data may not be correctly documented or even missing (e.g. the level of drug compliance, detailed information about drinking alcohol, use of herbal medicine or other medicine, i.e. ibupropion and tramadol). This study assumed that patients experiencing the further breakthrough events would likely seek care in the emergency department and report the events to the neurologist upon their follow up visits. However, some might not re-attend the emergency department even though they had another seizure attack. Thus the recurrence rate might be underestimated. We recommend having prospective study in future specially to validate the emergency department strategy that would include other important possible factors which mentioned above.
Conclusions
The overall early seizure recurrence is about 13.6% among the breakthrough seizure patients in our setting and majority (80%) of ESR occur in the first 6 hours since the last seizure. Five risk factors, namely age group, sex, repeated seizure in past one day and abnormal blood sodium and calcium level are significant factors associated with ESR. Based on these findings, we believe that it is not necessary to admit a ll t h e a d u l t ep il e p t ic p a t i en t s w i t h s im p l e breakthrough seizures to the hospital. We may apply risk stratification for epileptic patients according to the risk factors mentioned. In general, neuroobservation in the emergency department or emergency medicine ward for 6 hours could identify up to 80% of those ESR. However, the ESR is not the sole factor in considering admission and patient management. Other factors like the pre-morbid status, social support, compliances on the medications, access to the health, and availability of neurologist follow up clinic should also be considered.
